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摘  要 
 I
















0.22 μm滤膜预处理 子水提液，pH值未经调节(4.6附近)，较低的反应温度(30 )℃ ，














































As a kind of flourishing functional materials, silver nanostructures, especially silver 
nanowires (AgNWs) have attracted extensive attention owing to their unique properties in 
optics, electricity, and magnetism. Currently, AgNWs are mainly manufactured via chemical 
reduction approaches, which needs polymers or surfactants and were generally performed 
under relatively harsh conditions. In contrast, plant-mediated biosynthesis of silver 
nanostructures has not only environmental and economic advantages, but also could be 
operated under mild reaction conditions, and the biosynthesized nanostructures possess high 
stability. Hence, it has captured considerable attention in recent years. The present study 
aimed at exploring the potential of plant extracts for biosynthesis of AgNWs at mild 
conditions. The optimization of biosynthesis conditions, the growth mechanism of AgNWs 
biosynthesized by plant extracts, and the key components responsible for reducing of silver 
precursors and protecting of silver nanoparticles were investigated.  
Firstly，different plants were screened in terms of their performance in biosynthesis of 
AgNWs. The results showed that according to the yield of AgNWs at room temperature (30 
℃), the plants could be arranged in the following order: Gardenia jasminoides Ellis fruit > 
Lonicera japonica, Olea europaea leaf > Eriobotrya japonica leaf, Cacumen Platycladi leaf > 
Cassia fistula leaf > Cinnamomum camphora leaf. High yield of AgNWs were achieved by 
extract of Gardenia jasminoides Ellis fruit, and the as-synthesized silver nanowires were 
uniform in diameter with a length-diameter ratio of over 2000 and could be easily separated 
and purified. Silver spherical nanoparticles and triangular nanoplates were the main products 
when the extract of Cinnamomum camphora leaf was used. 
On the basis, the effects of various factors including extract solvent, pretreatment 
methods, pH value of extracts, concentrations of extract and AgNO3, reaction temperature and 
time in the biosynthesis process of AgNWs were investigated. The results indicated that the 
optimal reaction conditions which favors formation of AgNWs were using water extract of 
Gardenia jasminoides Ellis fruit which should be pretreated with 0.22 μm membrane, 















the concentration ratio of Gardenia jasminoides Ellis fruit extract to AgNO3 is 5 to 10 g 
bio/mmol Ag. The results indicated that the formation mechanism of AgNWs occurred via 
several processes including reduction of AgNO3, nucleation, and growth of silver 
nanoparticles followed by formation of silver nanorods. Reduction of AgNO3 and nucleation 
were the dominating events at the early stage, and formation of AgNWs mainly occurred at 
the later stage.  
To figure out the reducing/protecting components in plant-meditated biosynthesis of 
silver nanowires, the components before and after reaction was monitored and compared. The 
results indicated that flavone, polyphenol, protein, and reducing sugar widely existed in all the 
species of plant extracts under investigation whereas geniposide and chlorogenic acid 
exclusively existed in those plants extracts that could manufacture AgNWs. After reacting 
with AgNO3, the concentrations of flavone, polyphenol, and geniposide decreased evidently 
and chlorogenic acid decreased significantly; no evident decrement was observed in protein. 
Furthermore, the functions of different components were analyzed and indentified. The results 
revealed that flavone (such as rutin and proanthocyanidin), polyphenol (such as gallic acid), 
and chlorogenic acid could act as the reducing and protecting agents simultaneously 
during biosynthesis of silver nanoproducts by plant extract. Silver nanoparticles 
formed after proanthocyanidin reacting directly with AgNO3. The results also 
demonstrated that geniposide, chlorogenic acid and protein exhibited good shape-directing 
capacities for plant-mediated biosynthesis of AgNWs, and geniposide was the key component 
and very important for formation of AgNWs. The addition of geniposide into chemical 
reduction systems leaded to the appearance of silver nanorods, and when it was added into the 
extract of Cinnamomum camphora leaf, AgNWs were formed sucessfully. 
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色金属，晶体结构为面心立方，相对原子质量为 107.88，密度为 10.5 g/cm3，熔点为 961.93 
℃，沸点为 2212 ℃，电导率在 25 ℃时为 6.33×105 S/m，其标准电极电势为+0.799 V。





子的能量相差不大，因此银的氧化数有+1、+2 和+3 三种，但银的第二电离能(2074 kJ/mol)
比第一电离能(731 kJ/mol)高得多，因此其以+1 为常见[1]。 
根据欧盟委员会的定义，纳米材料是一种由基本颗粒组成的粉状或团块状天然或人
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